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ANATOMY OF A FAST TRANSIENT
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ANATOMY OF A FAST TRANSIENT

» Central engine:
compact object/
merger remnant +
accretion disk

Salafia & Ghirlanda, 2022
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ANATOMY OF A FAST TRANSIENT

» Central engine:
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ANATOMY OF A FAST TRANSIENT

» Central engine:
compact object/
merger remnant +
accretion disk SR

ENVELOPE

» A bipolar relativistic
collimated ejecta is
launched

» Bulk energy dissipation
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ANATOMY OF A FAST TRANSIENT

» Central engine: compact
object/merger remnant +

accretion disk e v
» A bipolar relativistic
° ° o S-FELLA-R
collimated ejecta is launched ENVELOPE

» Bulk energy dissipation leads

to bright, highly variable, non- BT Herd
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emission results from outflow
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FIREBALL LAUNCH

» Several jetted and non-
jetted models exist

» For structured jets, viewing
angles play an important
role in brightness
estimation

Salafia, Ghisellini & Ghirlanda, 2022 } When OuthOW iS CO”imated
within an angle 6, adjusting
for the beaming factor 64/2
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FIREBALL LAUNCH

» Several jetted and non-jetted
models exist

» For structured jets, viewing angles
play an important role in
brightness estimation

» When outflow is collimated within

an angle 6, adjusting for the
beaming factor 6°/2

Salafia, Ghisellini & Ghirlanda, 2022

» Isotropic luminosity can reach
10°* — 10°° erg/s, with low-
luminosity GRBs indicating a
choked/cocooned jet

10



ALPS IN GAMMA-RAY BURSTS

0. GHOSH | DM 2025 SANTANDER | 05.06.2025

ENERGY DISSIPATION

Central engine: compact
object mergers with

gravitational wave
counterparts

11



ALPS IN GAMMA-RAY BURSTS

. GHOSH | DM 2025 SANTANDER 1 05.06.2025

ENERGY DISSIPATION

Central engine: compac
object mergers with

gravitational wave
counterparts

Average intrinsic
uminosity for sGRBs ~

0° erg/s
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ENERGY DISSIPATION

» Central engine: compact
object mergers with
gravitational wave
counterparts

» Average intrinsic luminosity
for sGRBs ~ 10°Y erg/s

» Leptonic scenario: pure
radiative photon-lepton
fireball, Poynting-dominated,
launched through Blandford-
Znajek mechanism

13
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ENERGY DISSIPATION

» Central engine: kilonovae with
gravitational wave counterparts

» Average intrinsic luminosity for
sGRBs ~ 10°” erg/s

» Leptonic scenario: pure radiative
photon-lepton fireball, Poynting-
dominated, launched through
Blandford-Znajek mechanism

» Hadronic scenario: created by
neutrino-antineutrino
annihilation

14
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FIREBALL EVOLUTION

» A pure Radiation Fireball (r < 10°
cm): Baryons negligible, fireball is
radiation dominated: photon-
lepton fireball
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FIREBALL EVOLUTION

» A pure Radiation Fireball (r < 10° Typical scales (cm)
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FIREBALL EVOLUTION

» A pure Radiation Fireball (r < 10% cm):
Baryons negligible, fireball is radiation
dominated: photon-lepton fireball

» Electron-dominated Fireball (10° cm < r <

10° cm): Free electrons associated with

baryons are prevalent but fireball loses
most of its energy as radiation

» Relativistic Baryonic Fireball (r ~ 10° cm):

Fireball is matter-dominated, as it re-
thermalises swept-up mass. Internal
energy converted into bulk kinetic energy
of baryons, fireball decelerates
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FIREBALL EVOLUTION

» A pure Radiation Fireball (r < 10 cm): Baryons
negligible, fireball is radiation dominated: photon-
lepton fireball

» Electron-dominated Fireball (10° cm < r < 10° cm):
Free electrons associated with baryons are
prevalent but fireball loses most of its energy as
radiation

» Relativistic Baryonic Fireball (r ~ 10° cm): Fireball is

matter-dominated, as it re-thermalises swept-up
mass. Internal energy converted into bulk kinetic
energy of baryons, fireball decelerates

» Newtonian Fireball (r > 10° cm): Expansion is no
longer relativistic. , e.g., energy deposition in the
envelopes for SNe explosions
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THE PURELY RADIATIVE PHOTON-LEPTON FIREBALL

» A sphere with a characteristic injection radius r, and with a surface temperature
T, would emit blackbody radiation at rate E till the photosphere is reached
rph > > ro ~ RS

19
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THE PURELY RADIATIVE PHOTON-LEPTON FIREBALL

» A sphere with a characteristic injection radius r, and with a surface temperature
T, would emit blackbody radiation at rate E till the photosphere is reached
rph > > ro ~ RS

» Temperature scaling T = Tyry/r

Solving Flammang'’s equation for a steady-

state relativistic outflow ) Lorentz factor scaling Y = 7'/1"0

e 16
y Luminosity £ = ?4721”00TO

20
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL

/ Photon inverse decay yy — a

Electron inverse decay eTe™ — a

23
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL

/ Photon inverse decay yy — a
\ Electron inverse decay eTe™ — a

24
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HEAVY ALP PRODUCTION IN A LEPTONIC FIREBALL

/ Photon inverse decay yy — a
\ Electron inverse decay eTe™ — a

Fermion annihilatione™e™ - a+ vy

. -+ -
Photon conversione™+y - e~ +a

25
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STANDARD MODEL PROCESSES IN THE FIREBALL
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\ e ) The mean photon energy taking on
the thermal energy in the blackbody
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STANDARD MODEL PROCESSES IN THE FIREBALL
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STANDARD MODEL PROCESSES IN THE FIREBALL
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Jet propagation

Accretion disk
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GRAVITATIONAL TRAPPING

» Accounting for
gravitational trapping
does not significantly
alter our estimates

La,prod — [ .. 0 (Ea — M, —

2GMm, >

rc

» Ejecta/ fireball expansion
speed ~ 0.3c- 0.6¢c

» Boosted further by the
fireball Lorentz factor in
the observer frame

[, ~ 4/3 at birth

32
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GRAVITATIONAL TRAPPING TRAPPING BY DECAY

» Decay length

» Accounting for .

gravitational trapping Dysa = poy E; —m;
does not significantly A

alter our estimates » Decay-adjusted
Lo = [...@ (Ea—ma— 2ijc\ima> luminosity

Ly prod = [ .. exp(=r/d,,_,)
» Ejecta/ fireball expansion

speed ~ 0.3c - 0.6¢ » Average axion
speed in the lab
» Boosted further by the frame >> fireball
fireball Lorentz factor in expansion
the observer frame speed

[, ~ 4/3 at birth
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Energies of ALPs produced at various radii(temperatures) and remnant masses
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CAN THE FIREBALL EMERGE AGAIN?

Outside the source

» Mean free path of VHE photon in the
circum-burst medium
_ _ ~14
hnt. decay = NC/E, decay = 1/(1 GeV) ~ 10

cm

» Critical number density required for
decay photons from GeV-scale ALPs to
thermalise via pair production outside

38 _
e ~ 1 (A, decay 0r) ~ 10 om=

35
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CAN THE FIREBALL EMERGE AGAIN?

Outside the source

» Mean free path of VHE photon in the
circum-burst medium
A, decay = NC/E, decay = 1/(1 GeV) ~ 10~

cm

» Critical number density required for
decay photons from GeV-scale ALPs to
thermalise via pair production outside

38 _
e ~ 1 (A, decay 0r) ~ 10 om=

Inside the source

» Mean free path of thermal
photons

A

mfp, decay hC/E},, decay = 1/(100MeV) ~ 103 cm

» Critical density needed for
thermalisation

er ~ U (A 07) ~ 1077 em-=2

» Inside fireball, thermal photons
have density

n, = (162¢(3))/ (k%) (kzT)” = 20.3(100MeV)? ~ 1037 cm-3
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CAN THE FIREBALL EMERGE AGAIN?

» For a burst duration of 10 ms, total number of ALP produced ~ 10°?

» For a GeV-scale ALP with decay length ~ 10’ cm, number density of decay photons
4 13 27 ~p—
N, decay ! (373 decay ) ~ 1077 cm=

37
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CAN THE FIREBALL EMERGE AGAIN?

» For a burst duration of 10 ms, total number of ALP produced ~ 10°?

» For a GeV-scale ALP with decay length ~ 10’ cm, number density of decay photons
4 13 27 ~p—
N, decay ! (373 decay ) ~ 1077 cm=
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OTHER CONSIDERATIONS

» Also applicable to AGNs that are flaring sources, with specific accretion flow
solutions consistent with observations

» For parameter space leading to L, < 0(10°° erg/s), even if a fraction of the
energy goes into axions, regular electromagnetic cascades can still take place

» Intergalactic magnetic field constraints from GRBs are significantly weakened

» For ALPs with nonzero electron and nucleon couplings, secondary decay e+e-
pairs also participate in cascade

40
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SUMMARY AND FUTURE

» We derive state-of-the-art limits downto g, ~ 4 X 10~ 1*GeV~! for ALP masses
in the MeV-GeV scale

» Nonlinear feedback on IGMF limits due to ALP processes
» Comprehensive treatment which also applies to fireballs with baryon loading
» Particularly interesting for sources associated with neutrino and GW events

» Primary and secondary decay products contribute to various diffuse photon
backgrounds ——m— watch out for excesses!

41



ALPS IN GAMMA-RAY BURSTS

0. GHOSH | DM 2025 SANTANDER | 05.06.2025

Thank you!

oindrila.ghosh@fysik.su.se

oindrilaghosh.com
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